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Title: "Method for carrying out chemical reactions in 
pseudo-isothermal conditions" 

** ** ** 
DESCRIPTION 

5 Field of application 

In its broader aspect, the present invention relates to a 
method for carrying out chemical reactions in pseudo- 
isothermal conditions, that is to say under conditions in 
which the reaction temperature is controlled in a narrow 
10 range of values around a predetermined optimum value. 

In particular, this invention relates to a method of the 
above mentioned type for controlling the temperature of 
catalyzed reactions t based upon the use of heat exchangers 
immersed in the reaction environment, for example in a 
15 catalytic bed, in which a selected chemical reaction takes 
place. 

Still more in particular, although not exclusively, the 
present invention relates to a method in which the reaction 
temperature control is obtained by using plate exchangers 

2 0 immersed in a catalytic bed and internally passed through 

by a suitable heat exchange operating fluid. 

The present invention also relates to a heat exchanger 
having a suitable structure for carrying out the above- 
mentioned method, 

25 Prior Art 

As known, for exothermal or endothermic chemical reactions, 
such as the synthesis reactions of methanol, formaldehyde 
or styrene, to be satisfactorily completed, it is necessary 
to respectively remove or provide heat to the environment 

3 0 in which the reaction is taking place, so as to control its 

temperature in a narrow range around a predetermined 
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theoretical value. 

Likewise, it is known that for the above mentioned . purpose, 
heat exchangers of the most various types are widely used, 
which are immersed in the reaction environment (usually a 
5 catalytic bed) and passed through internally by a suitable 
heat exchange operating fluid. 

The pseudo- isothermal degree of the reaction, that is to 
say the degree of progress or completion of the reaction 
itself, depends on the way such heat exchangers are used, 
10 on their functionality, on the effectiveness, with which the 
heat is provided to or removed from the reaction 
environment (thermal yield) . 

Although advantageous as far as some aspects thereof are 
concerned, the methods of the prior art, used so far to 
15 carry out chemical reactions in pseudo- isothermal 
conditions have a known drawback, which in the industry 
forms a limit to the degree of progress or completion of 
the reaction itself. 

In fact, the operating fluid which passes through a heat 
2 0 exchanger according to a predetermined inlet /outlet path, 
. necessarily undergoes a substantial temperature variation 
by exchanging heat with the environment (for example a 
catalytic bed) in which said heat exchanger is arranged. 

To such temperature variation of the operating fluid, that 

2 5 is substantially continuous along said path, unavoidably 

corresponds a continuous decrease of the operating 
effectiveness of the heat exchanger. 

In fact, the heat exchange between the operating fluid and 
the reaction environment is not* homogeneous along the walls 

3 0 of the heat exchanger, but tends to decrease there, where 

the temperature difference between the internal and 
external fluid decreases . 



WO 02/068110 



PCT/EP02/01975 



- 3 - 

Accordingly, the pseudo- isothermal degree of the reaction 
conditions achieved by the methods and the exchangers of 
the prior art, is characterized by a reaction temperature, 
which is controlled in an always relatively wide range of 
5 values around the one corresponding to the isotherm of 
reference. To this situation is also associated a limited 
degree of completion of the considered chemical reaction. 

Summary of the invention 

The technical problem underlying the present invention is 
10 that of providing a method for carrying out chemical 
reactions in so called pseudo-isothermal conditions, based 
upon the use of heat exchangers, which are active in the 
environment in which a predetermined reaction is carried 
out, and adapted to maintain a predetermined constant value 
15 of the reaction temperature or anyway to control said 
temperature in a very narrow range of values so as to 
substantially increase the degree of progress or completion 
of the reaction with respect to what has been possible so 
far with the methods of the prior art . 

2 0 The idea for solving said problem is that of controlling 
the temperature of a . heat exchange operating fluid at the 
aforesaid predetermined value as it passes through the 
respective heat exchanger. 

According to such idea, the above indicated technical 
25 problem is solved according to the invention by a method 
for carrying out in continuous under pseudo- isothermal 
conditions and in a predetermined reaction environment, 
such as a catalytic bed, a selected chemical reaction, 
comprising the steps of providing in said reaction 
30 environment at least one heat exchanger fed with a first 
flow of a heat exchange operating fluid at a predetermined 
inlet temperature, said operating fluid passing through 
said at least one heat exchanger according to a respective 
inlet /outlet path; 
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which, method is characterized by; 

feeding into said at least one heat exchanger and at one 
ore more intermediate positions of said path, a second flow 
of operating fluid having a respective predetermined inlet 
5 temperature . 

By suitably selecting the inlet temperature of the second 
flow and the number of said intermediate positions, wherein 
a mixing of said second flow with the fluid of said first 
flow takes place, it is possible to bring the temperature 

10 of the operating fluid back to the inlet temperature or at 
least to a temperature very close thereto. Therefore, it is 
possible to control the temperature of the heat exchange 
operating fluid within a very narrow range of values around 
a predetermined value, if not even to maintain the 

15 temperature of said fluid substantially constant, while 
passing through the respective exchanger. 

Moreover the invention relates to a heat exchanger having 
structural and functional features adapted to carry- out the 
aforesaid method. 

2 0 The features and the advantages of a method according to 

the invention will become clearer- from the following 
description of an indicative and non-limiting example of 
embodiment thereof, made with reference to the attached 
drawings . 

25 Brief description of the drawings , 

Figure 1 shows schematically an axonometric view of a heat 
exchanger that can be used for carrying out the method 
according to the present invention. 

Figure 2 shows schematically and in enlarged and exploded 

3 0 view a detail of the exchanger of figure 1. 

Figure 3 shows an enlarged view along the line III -111 of 
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the exchanger of figure 1. 

Figure 4 shows a schematic and perspective view of an 
alternative embodiment of the exchanger of figure 1 . 

Figure 5 shows a section view along the line V-V of figure 
5 4. 

Detailed description of the drawings 

With reference to the aforesaid figures, a heat exchanger 
used for carrying out the method of the present invention 
is indicated in its whole with reference numeral 1 . 

10 Said heat exchanger 1, which just for schematic and 
simplicity reasons has a flat paralleleipiped configuration, 
comprises two wide walls 2 and 3, preferably made of 
metallic plates, substantially flat and juxtaposed, 
adjoined in a predetermined spaced relationship through 

15 perimetric walls 4 of reduced width. 

Between said walls 2, 3 and 4, a chamber 5 is defined, 
intended for communicating on one side with a source (not 
shown) of a heat exchange operating fluid, through a fluid 
inlet connector 6, and on the other side with a manifold 
20 (also not shown) for discharging said fluid, through a 
fluid outlet connector 7 . 

Through means such as baffles, dividing walls and the like, 
that are not shown as conventional, a path for said 
operating fluid is defined in said chamber 5 . The path 
25 extends between said connectors 6, 7 and is designed in 
such a way that it is in contact with the entire opposite 
walls 2, 3 of said heat exchanger l. 

Two (or more) identical distributors 8, 9 are fastened to 
one of said walls of the heat exchanger 1, for example to 
30 the wall 3, and in predetermined intermediate positions of 
said path. Said distributors 8, 9 extend in parallel to 
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each other at predetermined distances from the fluid inlet 
and outlet connectors 6 and 7, respectively. 

The distributors 8 and 9, which are in reciprocal spaced 
relationship, are in fluid communication with said chamber 
5 5 of the heat exchanger 1 on one side, and with a duct 10 
for feeding operating fluid, through connectors 11 and 12, 
respectively, on the other side. 

In particular, according to a preferred embodiment (figure 
2), each distributor 8, 9 comprises a plurality of through 

10 holes 13 formed in said wall 3 and regularly arranged in at 
least a rectilinear alignment, that extends longitudinally 
to the distributor (8, 9) itself and to a casing 14. The 
casing 14 is essentially of channel shape that when fixed 
to the wall 3 to cover said plurality of holes 13 , forms 

15 with it an operating fluid distributing chamber 15 as will 
be clear from the following description. 

According to the method of the present invention, in order 
to control the temperature of a chemical reaction, for 
instance the strongly exothermal synthesis of methanol, a 
20 plurality of heat exchangers 1 of the above described type 
is suitably arranged in the environment where said reaction 
has to take place in continuous, such as in a selected 
catalytic bed. 

Each of said exchanger 1 is connected on one side to a 
25 source (not shown) of heat exchange operating fluid, 
through the respective fluid inlet connector 6, and on the 
other side to a common discharge manifold (not shown) , 
through the respective fluid outlet connector 7. 

The distributors 8, 9 of each heat exchanger are in turn 
3 0 connected to said operating fluid source through the duct 
10 . 



Once this preliminary step has been carried out, the 
selected chemical reaction can be started. 
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During the reaction, the heat generated or absorbed 
therefrom is at least partially removed or provided to the 
reaction environment/ respectively, through the plurality 
of exchangers 1 . The exchangers 1 put in heat exchange 
5 relationship said environment with a first flow of 
operating fluid fed into each of said exchangers through 
the respective inlet connectors 6. 

The flow rate of said first flow, as well as the 
temperature of said operating fluid, are computed in 

10 advance, in a per se known way, according to the chemical 
and kinetic characteristics of the specific reaction, 
taking into account that the heat exchange "yield" (and 
hence the reaction progress degree) is also a function of 
the difference of temperature existing between the reaction 

15 environment and the operating fluid . 

At the area of said exchangers 1, which are closer to the 
respective inlet connectors 6, where said temperature 
difference is at its maximum, we can find the maximum heat 
exchange yield. However, just because of said heat 
20 exchange, the temperature of the operating fluid varies as 
it flows away from the inlet connectors, in its path 
through the exchangers, thus tending to match up the 
temperature of the reaction environment . 

In order to avoid that, due to the above variation, the 

2 5 temperature of the operating fluid "falls out" from a 

predetermined range of values, which is desirably narrow 
around a value computed in advance, according to the 
present invention a second flow of operating fluid is fed 
into each exchanger, through the feeding duct 10 and the 

3 0 plurality of distributors 8, 9, respectively. 

Of course, the fluid temperature of this second flow is 
selected in such a way that, when .mixing the two flows 
inside the exchangers at the position of the distributors, 
the same will be as close as possible to the inlet 
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temperature of the first flow. 

With the method of the present invention, with a suitable 
selection of the temperature of the second flow and of the 
number and position of the distributors 8, 9 in each 
5 exchanger, it is thus possible to control the temperature 
of the heat exchange operating fluid within a predetermined 
range of values during its the path through a heat 
exchanger . 

Given the tight correlation between the temperature of the 
10 reaction environment and that of the heat exchange fluid, 
which operates in such environment, it is likewise possible 
to control the temperature of the reaction environment, 
which substantially corresponds to the temperature of 
reaction. 

15 A further advantage resulting from the present* invention is 
provided by the possibility of controlling the heat 
exchange coefficient between the operating fluid flowing in 
a heat exchanger and a reaction fluid flowing in the 
reaction environment . 

20 In fact, by feeding the operating fluid into the heat 
exchanger through a plurality of separated flows, it is 
possible to vary in an independent way the flow rate and 
velocity of such flows and thus to suitably control the 
flow rate and velocity of the operating fluid inside the 

25 heat exchanger . 

As these parameters directly influence the heat exchange 
coefficient, that is to say: the higher is the flow rate 
and velocity of the operating fluid, the higher is the heat 
exchange coefficient, and vice versa, thanks to the present 
30 invention it is thus possible to obtain the desired heat 
exchange along the entire heat exchanger, thus being able 
to control optimally the progress of the chemical reaction. 

With reference to figure 4 and according to a preferred and 
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advantageous embodiment of the heat exchanger of the 
present invention, the feeding duct of the second flow of 
operating fluid is defined by the structure itself of the 
heat exchanger . 

5 In particular, the heat exchanger 2 0 comprises two metallic 
plates 21, 22 of reduced thickness so as to be capable of 
being deformed plastically, mutually adjoined in 
substantial juxtaposition by means of a perimetric weld 23. 

The weld 23 is carried out already taking into account, at 
10 opposite sides 20a, 20b of said plates, of the presence of 
inlet and outlet connectors 24 and 2 5 for an operating 
fluid; respectively. 

Said plates 21 22 are further connected with each other by 
means of a substantially L- shaped welding line 27, 

15 extending parallel to a side 20c of the heat exchanger 20, 
without fluid inlet or outlet connectors, and at a reduced 
distance therefrom. On the side 2 0a of the heat exchanger 
20, and at said weld 27, a third connector 2 8 is provided, 
for the inlet of a second flow of operating fluid, as it 

20 will become clearer from the following description. 

Through elastic deformation of said plates 21, 22, obtained 
for example by blowing a pressurized gas between them, a 
chamber 26 intended to be passed through by a heat exchange 
operating fluid as well as a duct 2 9 for feeding said 
25 second flow of operating fluid are formed. Said duct 2 9 
extends in the area comprised between said L welding line 
27 and the side 20c of the heat exchanger itself. 

It shall be noted that the feeding duct 29, formed between 
the walls 21, 22 of the exchanger 2 0 is completely 
3 0 separated from the chamber 26 through the same welding 2 7 
that also guarantees the liquid- tight sealing. 

Onto a plate, for example the plate 22 of the heat 
exchanger 20, two or more distributors 30, 31 are fastened, 
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that are structurally and functionally similar to the 
distributors above described with reference to the figures 
1-3. These distributors 31, 30 are in fluid communication 
both with the chamber 26, through a plurality of holes 32 
5 formed in the corresponding plate, and with the feeding 
duct 29, through respective openings 33 provided in 
suitable positions of the duct 29. 

The so conceived invention is subject to variations and 
changes, all falling within the scope of - protection defined 
10 by the following claims. 

For example, according to a not shown alternative 
embodiment of the present invention, the distributors 8-9 
and 30-31 can be fixed symmetrically to both walls 2, 3, 
and 21, 22, respectively, of the heat exchanger. 

15 In this way, during the feeding of the operating fluid of 
the second flow into the heat exchanger, its pressure drop 
is decreased. This allows to operate with a lower feeding 
velocity of the second flow with respect to the above 
described example, and thus to make- its inlet into the heat 

20 exchanger easier. Further on, such decrease of the pressure 
drop advantageously implies a lower overall pressure drop 
of the heat exchanger . 

A further advantage resulting from this embodiment is given 
by the fact that it is possible to decrease the thickness 
25 of the distributors. This promotes a homogeneous settlement 
of the catalyst possibly present in the reaction 
environment in which the heat exchanger is arranged, and 
facilitates the loading and discharging operations of the 
same in and from the reaction environment . 
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CliAIMS 

1. Method for carrying out in continuous, under so-called 
pseudo- isothermal conditions and in a predetermined 
reaction environment, such as a catalytic bed, a selected 
5 chemical reaction, comprising the steps of providing in 
said reaction environment at least one heat exchanger fed 
with a first flow of a heat exchange operating fluid at a 
respective predetermined inlet temperature, said fluid 
passing through said at least one heat exchanger according 
10 to a respective inlet/outlet path, which method is 
characterized by feeding into said at least one heat 
exchanger and at one or more intermediate positions of said 
path, a second flow of operating fluid having a respective 
predetermined inlet temperature. 

15 2. Heat exchanger for the method according to claim 1, 
comprising two wide walls (2, 3; 21, 22), a chamber (5, 26) 
defined between said walls (2, 3; 21, 22) and intended for 
being passed through by a heat exchange operating fluid, a 
fluid inlet connector (6, 24) and a fluid outlet connector 

20 (7, 25) in and from said chamber (5, 2 6) respectively, at 
least a distributor {8, 9; 30, 31) of operating fluid, 
fixed to at least one of said walls (2, 3; 21, 22) at a 
predetermined distance from said connectors (6, 7; 24, 25) 
and in fluid communication with said chamber (5, 26), at 

25 least a duct (10, 28-29) for feeding said operating fluid, 
in communication with said at least one distributor (8, 9; 
30, 31) . 

3 , Heat exchanger according to claim 2 , characterized in 
that said distributor (8, 9; 30, 31) comprises a plurality 

30 of through holes (13, 32) formed in said wall (3, 22) and a 
casing (14), fixed externally to said wall (3, 22) to cover 
said holes (13, 32) and defining with it a fluid 
distribution chamber (15) . 

4. Heat exchanger according to claim 3, characterized in 
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that said through holes (13, 32) are arranged according to 
at least a rectilinear alignment. 

5 . Heat exchanger according to claim 2 , characterized in 
that said feeding duct (10) is associated externally to 
said exchanger (1) and is in fluid communication with said 
at least one distributor (8, 9) through a respective 
connector (11, 12) . 

6 - Heat exchanger according to claim 2 , characterized in 
that said feeding duct (29) is formed between said large 
walls (21, 22) , separated in a liquid- tight way from said 
chamber (2 6) and is in fluid communication with said at 
least one distributor (3 0, 31) through at least a through 
hole (33) , formed in the feeding duct (29) . 




Fig. 2 



WO 02/068110 



PCT/EP02/01975 



2/3 





Fig. 3 



INTERNATIONAL SEARCH REPORT 



Inte 3) Application No 

PCT/EP 02/01975 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B01J8/02 B01J8/04 B01J19/00 F28D9/00 



According to International Paten! Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B01J F28D 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GB 1 088 009 A (HALCON INTERNATIONAL INC) 
18 October 1967 (1967-10-18) 
page 1, line 70 -page 2, line 17; figure; 
example 1 

US 2 745 823 A (HEWITT WILLIAM C) 

15 May 1956 (1956-05-15) 

column 4, line 36 - line 61; figure 

US 3 666 423 A (MUENGER JAMES R) 

30 May 1972 (1972-05-30) 

column 5, line 3 - line 19; figures 1-5 

EP 0 798 528 A (BOC GROUP INC) 
1 October 1997 (1997-10-01) 
claims 1-7; figures 1-6 



1,2,5,6 



1,2,5,6 



1-5 



3,4 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



• Special categories of cited documents : 

"A* document defining the general slate of the art which is not 
considered to be of particular relevance 

°E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



T' later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document fe taken alone 

"Y" document of particular relevance; the claimed Invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&" document member of the same patent family 



Date of the actual completion of the international search 



20 June 2002 



Date of mailing of the international search report 



27/06/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Cubas Alcaraz, J 



Form PCT71SA/210 (second sheet) (Jury 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent f amity members 



Inte lal Application No 

PCT/EP 02/01975 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



GB 


1088009 


A 


18- 


-10-1967 


US 


3247279 


A 


19-04-1966 


US 


2745823 


A 


15- 


-05-1956 


BE 


606001 


A 














FR 


1071906 


A 


07-09-1954 












GB 


729499 


A 


04-05-1955 


US 


3666423 


A 


30- 


-05-1972 


US 


3796547 


A 


12-03-1974 


EP 


0798528 


A 


01- 


-10-1997 


US 


5755279 


A 


26-05-1998 












AU 


1255997 


A 


02-10-1997 












CA 


2198323 


Al 


30-09-1997 












CN 


1165285 


A 


19-11-1997 












EP 


0798528 


A2 


01-10-1997 












JP 


10030895 


A 


03-02-1998 












PL 


319212 


Al 


13-10-1997 












SG 


48519 


Al 


17-04-1998 












ZA 


9702510 


A 


20-10-1997 



Form PCT/ISA/210 (palenl family annex) (July 1992) 



